Objective: In the present study, we tested the hypothesis that having migraine in middle age is related to late-life parkinsonism and a related disorder, restless legs syndrome (RLS), also known as Willis-Ekbom disease (WED).
Clinical and epidemiologic studies have suggested that some movement disorders are overrepresented in individuals who experience migraine. 1 Plausible mechanisms linking migraine with movement disorders include damage to relevant brain structures previously associated with migraine, 2 dopamine (DA) dysfunction (which has been hypothesized as a causal factor in migraine pathogenesis), 3 parkinsonism due to head injury or ischemic vascular disease (both of which are linked to migraine), [4] [5] [6] or damage related to iron deposition in the basal ganglia and related structures (also previously linked to migraine). [7] [8] [9] [10] However, with the exception of restless legs syndrome (RLS), also known as Willis-Ekbom disease (WED), 11, 12 the relationship between migraine and movement disorders has only been examined in samples specifically selected for presence of clinically diagnosed migraine or movement disorders, or in older cohorts when headache symptoms are retrospectively assessed. Herein, we consider, in a populationbased cohort, whether older adults with symptoms of migraine assessed in middle age are more likely than others to manifest in late-life symptoms of movement disorders, specifically parkinsonism, Parkinson disease (PD), and RLS/WED.
METHODS Overview of study design. Detailed descriptions of the Reykjavik Study (RS) and its follow-on, the Age, Gene/Environment Susceptibility-Reykjavik Study (AGESReykjavik Study) have been published previously. 13, 14 In brief, the RS is a population-based cohort study established in 1967 by the Icelandic Heart Association to prospectively study cardiovascular disease (CVD) in Iceland. 14 The cohort included a random sample of men and women, born 1907 to 1935 and living in Reykjavik at baseline. From 2002 to 2006, the AGESReykjavik Study examined in 5,764 RS survivors (58% women) risk factors, genetic susceptibility, and gene/environment interactions in relation to disease and disability in old age. 13 Recruitment details and comparisons of the AGES-Reykjavik Study to the original cohort have been described. 13 Headache (midlife). Participants were asked about current headache symptoms in the RS (conducted at mean age 51 years, range 33-65) as previously described. 15 Those reporting headache once or more per month were asked follow-on questions to determine whether headaches were accompanied by (1) nausea or vomiting, (2) unilateral location, (3) photophobia, (4) visual disturbance during/just before headache, and (5) unilateral numbness before headache. 15 Subjects were classified into 4 mutually exclusive groups approximating International Classification of Headache Disorders, first edition, criteria 16 (no headache, nonmigraine headache [NMH] , migraine without aura [MO] , and migraine with aura [MA]). MA was defined as reporting visual symptoms and/or numbness. MO was defined as 21 nonaura symptoms (and no aura symptoms). NMH was defined as headaches with at most one nonaura symptom.
All other assessments, below, are from the late-life interview (mean age 77 years, range 66-96).
Parkinsonism. Six screening questions addressed changes in motor function suggestive of parkinsonism. Questions were a modification of a screening questionnaire developed by Tanner. 17, 18 Subjects reporting $4 symptoms (approximately 9% of subjects) were classified as having high parkinsonian symptoms (PS). Subjects were also asked whether they had been diagnosed with PD. Current medication use was determined from prescription bottles brought to the study visit. We identified medications taken to treat PD using Anatomical Therapeutic Chemical code N04 (anti-Parkinson drugs). Records of inpatient medical encounters were available for the years 1997 through 2010. Medical encounters with ICD-10 diagnostic code G20 (PD) were identified. Finally, we asked about PD history in first-degree relatives.
RLS/WED. RLS/WED classification was based on 4 screening
questions covering the minimal diagnostic criteria of the International Restless Legs Syndrome Study Group. 19, 20 Walking speed. We used the 6-m walking speed test as a secondary outcome variable and objective measure of functional impact. We asked subjects to walk 6 m at their normal pace. We recorded the number of seconds and number of steps taken to walk 6 m over 2 trials and averaged the results.
Confounders or mediators. Because secondary parkinsonism
can be related to cerebrovascular diseases (e.g., "vascular parkinsonism") or head injury, we included in our analysis whether subjects had a history of head injury and ischemic vascular disease. Lifetime history of moderate to severe head injury was based on a question about whether they had ever had a head trauma associated with loss of consciousness lasting more than 1 hour. CVD measures in this population have been described. 15 Briefly, hypertension was defined by the average of 2 blood pressure measures, use of antihypertensive medications, and health history. Diabetes history was defined according to selfreported history of diabetes, use of blood glucose-lowering drugs, or fasting blood glucose level $7.0 mmol/L. We assessed smoking history (never, former, current) and history of stroke or TIA. History of coronary artery disease (possible or definite) was defined based on self-reported history of angina, self-report of myocardial infarction, ECG evidence of myocardial infarction, use of nitrates, and self-report of coronary artery bypass graft. We identified subjects (n 5 68) with a current prescription for a DA antagonist for use in a sensitivity analysis described below.
Brain infarcts and white matter lesion load. The brain MRI protocol for the AGES-Reykjavik Study has been described. 15 For the present analysis, presence of any brain infarct-like lesions (yes/no) and total white matter lesion load (mL) were used as summary measures of vascular lesions.
Statistical analyses. Of the 5,764 AGES-Reykjavik participants, we excluded 144 subjects who were older than 65 years at the time of the first examination, leaving 5,620 study participants (57% female) for most analyses. Of these, 83%/ 82% had MRI data on brain infarct-like lesions/white matter lesion load, respectively. Reasons for nonparticipation in the MRI examination have been described. 15 We compared risk of parkinsonism/RLS/WED in later life among subjects without and with migraine in midlife. Our primary outcome variables were as follows: (1) diagnosis of PD, (2) diagnosis of PD in a parent or sibling, (3) parkinsonism (defined as 4 or more of the 6 PS), and (4) RLS (defined as all 4 RLS/WED symptoms).
All analyses were performed with Stata software (version 12; StataCorp, College Station, TX). We used logistic or multinomial logistic regression to calculate odds ratios (ORs) as an estimate of the relative risk of each outcome in subjects with headache (NMH, MO, MA) relative to the comparison group (no headache). Because headache is strongly related to demographic factors, all models were minimally adjusted for sex, age-1 (at baseline), age-2 (at follow-up), and educational level (primary, secondary, college, university). In addition, we adjusted for possible explanatory factors including vascular risk factors, CVD, and history of head injury. Our fully adjusted model additionally adjusted for the presence of infarct-like lesions and white matter lesion load, data that were available for the approximately 80% of subjects who underwent brain MRI. We report results for men and women combined, adjusted for demographic factors only, and note when results were significantly different for men and women using a p value of 0.1 for interaction or if results changed after adjustment for the factors described above. Missing values for categorical independent and dependent variables were coded as "unknown" in order to maximize sample size.
We used quantile regression to compare demographically adjusted medians of continuous variables (walking test variables and some CVD risk factors) by headache categories. Walking speed variables were additionally adjusted for height and diagnosed arthritis. We calculated sex-specific cutpoints for the slowest 10% of subjects and for the top 10% number of steps and used multinomial logistic regression to calculate odds of being in these categories by headache groups. This 10% cutpoint corresponded to approximately 3 seconds/3 steps more than the median for the entire group.
Standard protocol approvals, registrations, and patient consents. The AGES-Reykjavik Study was approved by the Icelandic National Bioethics Committee (VSN-00-063), the Institutional Review Board for the Icelandic Heart Association, and by the Institutional Review Board for the US National Institute on Aging, NIH. Written informed consent was obtained from all participants. Table 1 shows the demographic characteristics of our study population. Results were similar after adjusting for CVD and head injury in the fully adjusted model (data not shown).
RESULTS
Results for each of the 6 symptoms are shown in table 3 (table e-3 , a and b, shows sex-stratified results). All 6 symptoms were more common in subjects with midlife MA compared with controls, with the strongest association for tremor (OR MA RLS/WED. A total of 23% of subjects met screening criteria for RLS/WED. RLS/WED was more common in subjects with headache compared with Abbreviations: MA 5 migraine with aura; MO 5 migraine without aura; NMH 5 nonmigraine headache.
controls (table 2) . Results were similar for men and women and in the fully adjusted model (data not shown).
Walking speed. There were significant but small differences in median walking time and number of steps by headache categories. Compared to controls, subjects with midlife headache were more likely to be in the slowest 10% of subjects or take the top 10% of steps (table 4) .
DISCUSSION
In the present study, we found that subjects with a midlife history of headache were, about 25 years later, more likely than others to report movement disorder symptoms (parkinsonism and RLS/WED), to have been diagnosed with PD, and to have a family history of PD (women). Some findings differed by headache type. Risk of late-life RLS/ WED was increased for all types of headache. In contrast, increased risk of late-life parkinsonism, diagnosed PD, and family history of PD was limited to, or more evident for, those with a history of MA. Regarding possible functional impact, we found a small, but unlikely to be clinically important, difference in walking speed where those with midlife headache were slower than those without headache. To put findings in context, midlife MA was associated with approximately doubled risk of late-life PD (from 1.1% to 2.4%). Migraine is the most common neurologic disorder in both men and women. 21 Beyond its public health impact, migraine is of scientific interest because of the conditions with which it is comorbid and its varying manifestations and characteristic epidemiologic profile across the lifespan. Migraine symptoms and associated features vary by age, ranging from early childhood migraine equivalents or possible precursors to latelife aura-like symptoms without headache. 22, 23 Previous population-based studies have found that migraineurs, particularly those with aura, are at increased risk of cerebrovascular disease (subclinical infarct-like lesions, clinically evident stroke, and white matter hyperintensities) and CVD (myocardial infarction, CVD risk factors). 24 In both the Women's Health Study and the Physician's Health Study, subjects with migraine were at increased odds of RLS/WED compared to those without headache. 11, 12 This is consistent with the results herein based on an older population. Clinical studies, but none to our knowledge based on subjects in the general population, have noted potential associations between migraine and other movement disorders (reviewed by d'Onofrio et al. 1 ). It is plausible that migraine might be linked with the movement disorders and motor symptoms evaluated in the present study. Dopaminergic dysfunction, common to both parkinsonism and RLS/WED, has been hypothesized as a causal factor in migraine pathogenesis for many years. 3 Prodromal and accompanying symptoms of migraine, such as excessive yawning, nausea, and vomiting, are thought to be related to DA receptor stimulation, and pharmacologic studies of DA agonists suggest DA hypersensitivity in migraine patients. 25 The nature of the relationship is likely complicated because DA may be both therapeutic and pathogenic in migraine, 3, 25 and in some studies, 1, 26, 27 it has been suggested that PD may have a favorable effect on migraine after diagnosis.
Other studies have suggested that migraineurs more often than nonmigraineurs have increased iron accumulation in deep brain nuclei. [7] [8] [9] Iron is essential for normal neuronal function including DA regulation. 28 Deposition of nonheme iron, particularly in the basal ganglia, increases with normal aging until early middle age after which the rate of increase slows or plateaus. 29 Relatively increased or decreased iron accumulation has been observed in a variety of chronic brain disorders including in both PD, where iron is increased in the substantia nigra, and RLS/ WED, where there is evidence in some studies of Table 4 Six-meter walk test Steps, most 10% Time to complete/number of steps to complete are from a 6-m walking test at normal speed. I: Medians are adjusted for age-1 (age at headache interview), age-2 (age at follow-up interview), educational level, sex, height, and diagnosed arthritis. No significant interaction by sex. II: Odds ratios estimate the relative risk of being in the 10% slowest/10% most steps taken group in subjects with headache compared with controls. The 10% cutpoints are calculated separately for men and women, and correspond to approximately 3 s/3 steps more than the total group. Odds ratios are adjusted for age-1, age-2, educational level, sex, height, and diagnosed arthritis. No significant interaction by sex. Walk test data were missing for 361 of 5,620 subjects. Subjects with missing data were included in the multinomial regression models (II) as "unknown."
decreased iron stores. [30] [31] [32] [33] Iron deposition may itself be pathogenic, a marker of tissue damage due to other processes, or a reversible epiphenomenon. 7, 28, 31 If the increased iron deposition observed in migraineurs in these few studies reflects (directly or indirectly) neuronal damage, this would be consistent with the late-life symptoms observed in our study population. Arguing against this is the lack of linkage, in most studies, between iron accumulation and MA specifically.
Finally, cerebrovascular disease and traumatic brain injury (TBI) are both plausible reasons why migraine might be linked with parkinsonism because both have been linked separately with migraine and both are causes of parkinsonism. 6, 24, 34 Given our robust control for cerebrovascular disease and risk factors, including evaluation of infarct-like and white matter lesion load on brain MRI, our data do not support this as a primary mechanism linking migraine with parkinsonism or with RLS/WED in this population. We cannot rule out a contributing role of head injury given the limitations of the way we assessed this. We note that our subjects with MA were twice as likely as others to report a history of a moderate to severe TBI. DA dysfunction has been implicated as a central mechanism of pathology after TBI, 35 and posttraumatic headache is among the most common manifestations of TBI. 36 Strengths of this study are the population-based design and comprehensive measurement of vascular risk factors and history. Our findings were evident for both diagnosis-based and symptom-based outcomes, increasing confidence that the findings are robust. We assessed migraine symptoms in middle age, which is critically important because migraine attacks often remit or change features in later life. Likewise, parkinsonism and other symptoms were assessed in later life when these symptoms are more likely to manifest. As previously mentioned, earlier reports 26, 27 have suggested that PD may have a favorable effect on migraine prognosis-perhaps due to changes in nociception or medications taken to treat PD 37 -making the longitudinal design of the present study a particular strength.
A limitation of our study is that we assessed diagnostic history of PD by self-report. Our observed prevalence of diagnosed PD (1.2%) may be on the low side given the age of our study population. 38 Furthermore, surveillance bias is possible when using diagnostic history, whether self-reported or via medical records, as a proxy for disease. If the subjects with midlife MA were more likely than others to be under the care of a neurologist for persistent late-life headaches or other reasons, they might have been diagnosed more promptly if they then developed symptoms suggestive of PD. This type of bias might have exaggerated the association between migraine and diagnosed PD. Nonetheless, we assessed parkinsonism several ways, with symptoms, diagnostic history, and family history, and results were internally consistent. Our assessment of visual aura may have included individuals with nonspecific visual symptoms, a type of bias that is more likely to have attenuated rather than exaggerated our results. Results are based on residents of Reykjavik, Iceland, and may not generalize to other populations. Finally, our assessment of TBI did not allow us to evaluate the role of multiple mild head injuries, which have been reported, separately, to be related to both chronic headaches 39 and later parkinsonism. 40 Our finding linking migraine with different indicators of parkinsonism suggests shared cerebral vulnerability that could reflect common pathology, genetic or environmental risk factors, or changes in the brain from one condition that increases the likelihood of symptoms reflecting the other conditions. Future longitudinal studies with more targeted brain imaging and neurologic examinations are warranted.
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